C erebrovascular diseases (CVDs) are the second most frequent cause of death in the world after ischemic heart disease, accounting for ≈11% of all fatalities.
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cohorts showed larger effect estimates than those of US studies, suggesting that direct extrapolation of results from different geographic settings to local populations might not be appropriate. 7, 11 Prospective epidemiological studies of a sufficient sample size to obtain precise risk estimates are still scarce, particularly in women, and country-level research is warranted to better account for specific environmental and lifestyle influences on the association between PA and CVD.
The aim of the present analysis was to determine whether PA was associated with CVD risk in adult men and women from the Spanish cohort of the European Prospective Investigation of Cancer and Nutrition (EPIC) study, diverse in age, diet, lifestyle habits, and clinical conditions.
Methods
Study Sample
The Spanish EPIC cohort is part of the larger EPIC study, an ongoing multicenter prospective investigation including >500 000 participants from 10 European countries. 15, 16 The EPIC-Spain sample was composed of 41 438 participants (62.3% women), 29 to 69 years old at recruitment, living in 5 different Spanish regions (Asturias, Gipuzkoa, Navarra, Granada, and Murcia). 16 Questionnaire data on diet, PA, lifestyle habits, and morbidity were collected in face-toface interviews between 1992 and 1996 among volunteers, including mainly blood donors, but also civil servants and general population. The study protocol was approved by the medical ethical committee of the Bellvitge Hospital (Barcelona), and all of the participants gave informed consent.
Assessment of PA
The specific PA questionnaire designed for the EPIC study (EPIC-PAQ) was used to record the type and time or intensity of physical activities carried out during a typical week of the previous year both in summer and winter. The EPIC-PAQ included 9 specific questions on 3 domains of PA, work, leisure time, and household activities.
For occupational PA, participants had to choose the category that better described the physical demand of their job, sedentary, standing occupation, manual work, or heavy manual work. For nonworking activities, participants were asked to specify the amount of time spent (in hours per week) in recreational (walking, cycling, and sports) and household activities (housework, gardening, and do-it-yourself activities), and the number of flights of stairs climbed per day. Participants were also asked to refer whether the practice of any such activities had caused them to experience palpitations or difficult breathing, and, if so, how many hours per week they dedicated to these vigorous activities. Recreational, household, and vigorous PA variables were then derived for the analyses. The estimated average time spent in each activity was weighted by a specific metabolic equivalent (MET) intensity value (1 MET representing a work metabolic rate of 1 kcal/ kg per hour). 17 Total MET·h/week spent in each activity were computed for every participant. A household PA variable (in MET·h/ week) was defined as the sum of housework, do-it-yourself activities, gardening, and stair climbing. A recreational PA index was used to classify participants as inactive, moderately inactive, moderately active, and active, according to total MET·h/week spent in recreational activities. The EPIC-PAQ was validated for every EPIC center using accelerometer measures and heart rate monitoring, proving suitable for ranking participants across levels of PA. 18 
Lifestyle, Diet, Anthropometry and Clinical Data
Diet of the previous year was assessed by means of a validated dietary history method 19, 20 using a specific questionnaire structured according to occasions of food intake. Participants were then asked to declare the foods consumed during a typical week of the previous year in each of these occasions. Total nutrient and energy intakes were estimated using specific food composition tables. 21 Further questionnaire data were collected on educational level, habit of smoking, prevalence of ischemic heart disease, diabetes mellitus, hypertension, or hyperlipidemia, and, in women, menopausal status and ever use of oral contraceptives or hormonal replacement therapy. Height, weight, and waist circumference were measured in all of the participants using standard procedures. Body mass index was computed as weight (in kilograms) divided by height (in meters) squared.
Case Ascertainment and Follow-up
CVD cases occurring between recruitment and 2006 were identified from self-reported questionnaires at 3-year follow-up and by record linkage with 3 sources of information, death certificate data (codes I60-I69 of the 10th revision of the International Classification of Diseases), regional hospital discharge databases (International Classification of Diseases, Ninth Revision, codes 430-438), and computerized primary care registers (codes K89, K90, and K92 from the International Classification of Primary Care in Asturias, Navarra, and Murcia and International Classification of Diseases, Ninth Revision, codes 430-438 in Gipuzkoa). All of the EPIC-Spain cohorts took part in the study except Granada (n=7879).
A validation process was carried out to confirm and classify all of the identified stroke events. The validation was performed by a team of trained health professionals by carefully reviewing patient hospital medical charts or, if not available, primary care information and recording the date of diagnosis. Stroke cases were classified on the basis of symptoms, presence of cerebrovascular risk factors, and specific medical tests (computerized tomography, magnetic resonance imaging, angiography, Doppler echography, and lumbar puncture) following the 2006 guidelines of the Spanish Society of Neurology. 22 Two expert neurologists helped in the classification of the most difficult stroke cases.
After a mean follow-up (±SD) of 12.3 years (±1.6 years), 210 incident cases of transient ischemic attack and 442 incident stroke cases were identified. By type, most stroke cases were ischemic (n=352), followed by hemorrhagic strokes (n=46), subarachnoid hemorrhages (n=32), and mixed or unspecified events (n=12). After further excluding 177 participants with prevalent stroke at recruitment and 553 participants with baseline cancer or cardiovascular disease, a final cohort of 32 992 subjects contributing 406 441 person years was available for analyses.
Statistical Analyses
Descriptive statistics included means and SDs for continuous variables and numbers and percentages for categorical ones. Relative risks of cerebrovascular events by levels of PA variables were estimated as the hazard ratios (HRs) of multivariable Cox proportional hazards regression. Age was used as the time scale in Cox models, with entry time defined as the participant's age at recruitment and exit time defined as age at diagnosis of a first incident transient ischemic attack or stroke, loss to follow-up, death, or December 31, 2006, whichever occurred first. The proportional hazards assumption of final models was checked on the basis of Schoenfeld residuals and graphical tests. All of the models were stratified by age (in 5-year categories) and study center and adjusted for educational level (no formal education, primary, technical/professional school, secondary, university, or unknown), prevalence of diabetes mellitus (yes, no, or unknown), self-reported hypertension or hyperlipidemia (yes, no, or unknown), habit of smoking (never smoker, former smoker who quit >10 years ago, former smoker who quit <10 years ago, current smoker of ≤10 cigarettes per day, current smoker of 11-20 cigarettes per day, current smoker of >20 cigarettes per day, or unknown), age at start of smoking, alcohol consumption (grams per day), total energy intake (kilocalories per day), total energy from proteins (percentage), total energy from fats, daily intake of vegetables (grams per day), daily intake of red meat (grams per day), daily intake of fish (grams per day), body mass index (kilograms per meter squared), waist circumference (centimeters), and, in women, menopausal status (premenopausal, perimenopausal, or postmenopausal 18 Vigorous PA was analyzed by comparing subjects who never engaged in strenuous activities (the reference) with those performing ≤2 or >2 hours per week of demanding exercise.
A series of sensitivity analyses were carried out by stratifying the models according to presence of chronic disease at baseline, age group, or obesity status and by further excluding participants with <2 years of follow-up. Interactions were estimated by means of likelihood ratio tests.
Analyses were performed with STATA/SE version 10.1 (STATA Corp, College Station, TX). All of the P values were 2 sided, and the nominal significance level was set at 5%.
Results
Baseline sample characteristics are summarized in Table 1 . Men with an active lifestyle had generally attained a higher educational level, were leaner, were less prone to smoke heavily, and consumed less alcohol. Active women had higher education and lower body mass index and waist circumference but showed little differences in smoking or alcohol consumption patterns. Prevalence of diabetes mellitus and hypertension were lower in active women, who also reported to a larger extent having ever used oral contraceptives. Active participants had lower energy intake on average than those considered inactive.
The estimated HRs of transient ischemic attack and stroke by levels of PA variables are shown separately for men (Table 2) and women (Table 3) . No significant associations were found in men for any domain of PA and transient ischemic attack risk, and there was only a borderline inverse association of household PA with stroke risk (P for trend=0.06). In women, recreational PA was inversely associated with risk of stroke (HR for active versus inactive, 0.45 [95% confidence interval, 0.22-0.90]; P for trend<0.01). On the other hand, there was borderline evidence of a direct association between standing occupation in women and stroke risk (P=0.05). Mutual adjustment by other types of PA did not substantially modify the risk estimates for the associations tested in either sex. Among recreational activities, walking for ≥3.5 hours per week was significantly associated with a reduced risk of stroke in women (HR, 0.57 [95% confidence interval, 0.35-0.92]; P for trend<0.01) but not in men (Table 4) .
Excluding participants with chronic disease at baseline or those with <2 years of follow-up did not appreciably affect the results (see the online-only Data Supplement). However, effect modification was suggested, with associations reported being significant in older (≥55 years) and obese women, as well as those with baseline chronic disease. By type of CVD, the inverse association of walking with stroke risk in women was observed for ischemic but not for hemorrhagic events, for which low numbers limited the power to make meaningful statistical comparisons.
Discussion
Moderate-intensity recreational activity, such as walking, was significantly inversely associated with risk of stroke in women from the EPIC-Spain study, whereas no such association was found in men. On the other hand, sports and other types of PA of higher intensity were not associated with CVD in this cohort.
Our results show that recreational PA was inversely associated with stroke risk in women. Previous case-control and prospective studies suggested that PA would be protective against stroke risk, both in men and women, 10, 11, [23] [24] [25] [26] with an estimated stroke risk reduction of ≈20% to 25% for high versus low levels. 4, 6, 7 However, literature in the field is still scarce, methodologically diverse, and fragmentary by domain of PA, sex, and type of CVD end point. Most prospective studies have focused on recreational activities only, some showing no association with overall activity, 10, 11 others showing a protective inverse association of PA with CVD risk, [23] [24] [25] 27 and some others revealing higher stroke incidence at increasing levels of recreational activities suggesting a U-shaped relationship. 12, 28 Heterogeneity limits direct comparability across studies.
Our result of a reduced stroke incidence in women regularly engaging in recreational activities is in agreement with most previous large-scale prospective studies. 10, 11, [23] [24] [25] Our data showed that time spent walking largely accounted for this effect. Interestingly, most previous studies examining the role of walking on CVD risk have revealed the existence of such an inverse association with stroke, which was consistent when considering either intensity (walking pace) 11, 24 or amount (total time 10 or distance walked). 28 Our results add strong evidence to the existing literature supporting a beneficial role for walking with regard to CVD in women. The effect was observed for older and obese participants, suggesting that people with a poorer cardiorespiratory fitness may be those who benefit the most from increased exercise. 29, 30 Although there is support in the literature for a cerebrovascular enhancing effect of increased PA in the elderly, 23, 27, 31 prospective evidence of an effect modification by obesity has not been extensively documented. Our results are in line with a previous report by Hooker et al, 29 which showed that the reduction in stroke risk per 1-MET increase in a maximal treadmill exercise performance test was much larger among overweight (HR, 0.64 [95% confidence interval, 0.45-0.90]) than among normal weight women (HR, 0.90 [95% confidence interval, 0.82-0.98]), whereas no such interaction was observed in men. In our study, adjustment by body mass index or waist circumference did not attenuate stroke risk estimates (unadjusted data not shown), which supports further health benefits of PA in addition to that of reducing adiposity.
The lack of association between recreational PA and CVD in men was an unexpected finding. Neither exclusion of participants with prevalent ischemic disease or diabetes mellitus nor further excluding those with a short follow-up time revealed any significant association between type or intensity of PA and overall or specific stroke types in men. Only a borderline inverse trend for stroke risk was found at levels roughly equivalent to 1 daily hour of household activities of moderate intensity (Table 3 ) and an increased overall CVD risk for the intermediate walking category (Table 4) , but the meaning of such findings is uncertain. Lack of statistical power is unlikely to explain our results, and there is no suggestive evidence of publication bias in the literature that may give support to these null effects. 4, 6, 7 Unfortunately, information on the functional capacity of the participants was not available. A future re-evaluation study is warranted to confirm the null effect of PA on CVD risk in men from this cohort.
PA at work showed no significant associations with stroke in men or in women. This finding is in agreement with previous studies that found no relationship between occupational activity and stroke risk after accounting for relevant confounders. 25 However, women with standing occupations were at higher risk of stroke than those with sedentary jobs (an association that strengthened when combining all of the cerebrovascular cases together; P for trend <0.01; data not shown). Further research is needed to corroborate these results. Actual PA guidelines recommend a minimum of 500 MET·min/week to promote health and well being 8 or, similarly, 150 min/week of moderate-intensity activities. 9 According to these guidelines, greater health benefits would be expected for larger amounts of PA, which would be achievable either by increasing time or intensity. Our results would partly support these recommendations. On the one hand, the equivalent to daily walking for >30 minutes (>210 minutes per week) was estimated to significantly reduce stroke risk in women. However, equivalent amounts of cycling or sporting activities did not have a measurable effect on CVD outcomes in either sex, nor was vigorous PA associated with CVD risk. According to our results, PA of moderate rather than high or vigorous intensity would be advisable for helping to reduce the stroke burden in women.
PA exerts favorable effects over a large number of CVD risk factors, such as hypertension, hemostatic and inflammatory processes, hypercholesterolemia, diabetes mellitus, and obesity. Furthermore, as part of a healthy lifestyle, increased PA frequently combines with better adherence to dietary recommendations that would benefit cardiovascular health. In this regard, in the present study, active participants averaged lower total energy and red meat consumption, but significantly higher vegetable intake, than inactive participants (data not shown). However, nevertheless, PA would still have an independent effect on stroke risk once these factors have been accounted for. 32 PA improves cardiorespiratory fitness and muscular tone 33, 34 and prevents the decline in functional capacity that is characteristic of advancing age. 30 Moreover, regular training would modulate the tissular antioxidant profile by decreasing basal oxidative damage and increasing resistance to oxidative stress. Our result of an independent association between moderate-intensity PA and stroke risk is in agreement with previous evidence 10, 23, 24 in giving support to a beneficial role of PA on cerebrovascular health by independent mechanisms other than the modulation of cardiovascular disease risk factors. This study has important strengths, such as the large sample size; the use of a validated PA questionnaire, which includes several domains and types of activity; a large number of validated CVD cases; and an extensive set of confounding variables available for adjustment. There are, however, some limitations. The questionnaire on PA registered activities practiced during a typical week of the previous year, and this exposition might not be representative of the participants' PA during the lifespan. We conducted several sensitivity analyses to test whether changes in PA patterns around the recruitment period could have affected the results (eg, excluding participants with short follow-up or diagnosed chronic disease) with no evidence of such a bias. However, changes in PA unrelated to health conditions might have occurred that could not be taken into account. Secondly, we have no direct information available on the cardiorespiratory fitness of the participants, which could have provided valuable information for assessing the effectiveness of PA in participants with distinct functional capacity. Subgroup analyses by stroke types were limited by the small number of cases in some categories, such as hemorrhagic stroke, and likely underpowered. As an additional limitation, the EPICSpain study is not representative of the general population, and this should be taken into account when considering the generalizability of these results. Finally, as in all observational studies, the possibility of confounding by unmeasured factors or residual confounding cannot be completely discarded. Data on hypertension, an important risk factor for stroke, were self-reported. A previous validation study within the cohort showed that self-reported hypertension was in moderate agreement with clinically diagnosed high blood pressure, 35 and, therefore, some residual confounding might persist. In conclusion, this study shows that moderate-intensity recreational activity, such as walking, was independently associated with a reduced risk of stroke in women. This effect was evident among the obese and older participants. Sports and other types of PA of higher intensity were unrelated to CVD incidence. No significant associations were found between PA levels and CVD risk in men, but the relationship between type of work and CVD risk deserves further investigation in women. The promotion of moderate-intensity activities is recommended to aid in the prevention of stroke risk, at least in women. Mutually adjusted models were stratified by age and center and adjusted by physical activity at work, household physical activity, vigorous physical activity, educational level, self-reported hypertension or hyperlipidemia, diabetes mellitus, habit of smoking, age at start smoking, alcohol consumption, total energy intake, body mass index, waist circumference, consumption of protein, lipids, vegetables, red meat, and fish, and further adjusted by menopausal status in women. by guest on December 31, 2017 http://stroke.ahajournals.org/ Downloaded from SUPPLEMENTAL MATERIAL Mutually adjusted models stratified by age and centre, and adjusted by physical activity at work, household physical activity, vigorous physical activity, educational level, self-reported hypertension or hyperlipidemia, diabetes, habit of smoking, age at start smoking, alcohol consumption, total energy intake, consumption of protein, lipids, vegetables, red meat, and fish, body mass index, and waist circumference, and further adjusted by menopausal status in women. Values are hazard ratios (HR) and 95% confidence intervals (CI). Adjusted models stratified by age and centre, and adjusted (when applicable) by physical activity at work, household physical activity, vigorous physical activity, educational level, self-reported hypertension or hyperlipidemia, diabetes, habit of smoking, age at start smoking, alcohol consumption, total energy intake, consumption of protein, lipids, vegetables, red meat, and fish, body mass index, and waist circumference, and further adjusted by menopausal status in women. * Diabetes, self-reported hypertension or self-reported hyperlipidemia at baseline. 
